In this paper we present synthesis new PHOX ligands α-and β-pinene derivatives. We applied their ruthenium (I) complexes in asymmetric catalytic transfer hydrogenation of ketones with good yields and enantioselectivity.
1.
Introduction The phosphine-oxazoline ligands (PHOX) have a wide range of applications in present-day asymmetric catalysis [1] . The PHOX was show by Pfaltz [2] , Helmchen [3] , Williams [4] in 1993. PHOX are an efficient, non-C2-symetric, P,N-chelating ligand class. Crabtree's catalyst [(cod)Ir(PCy3)(py)][PF6] [5] 1 became an inspiration to create new PHOX ligands. Crabtee's catalyst has high activity in catalytic hydrogenation of highly substituted olefins. PHOX ligands were utilized in numerous asymmetric reactions, which are catalyzed by transition metals, such as allylic alkylations [6] , allylation reactions [7] , Heck reactions [8] , hydrogenations of olefins [9] and ketones [10] , transfer hydrogenation of ketones [11] , Diels-Alder reactions [12] and conjugate addition to enones [13] . Modifications of PHOX ligands 2 could be made at the carbon atom α to the oxazoline nitrogen and at the two aryl groups on phosphorus [11] . Synthesis method of PHOX ligands Synthesis of the PHOX ligands involves preparation of 2-(2-halogeno phenyl)-oxazolines and then formation of the P derivatives by the substitution of halogen. The starting materials are amino alcohols derived usually from α-amino acids. In first step of PHOX ligands synthesis, amino alcohol is transformed into halogenophenyloxazoline. This step can be realize in several routes. One of them is onepot condensation of the 2-halogenobenzoic acid with the amino alcohol (Scheme 1, Method 1) [14] . Others are one-pot reaction of the amino alcohol with the 2-halogenobenzonitrile catalyzed with ZnCl2 (Scheme 1, Method 2) [15] and condensation with an imidate (Scheme 1, Method 3). The halogenophenyloxazolines are also synthesize in three steps synthesis (Scheme 2) involving formation of an amide, in the first step, and next transformation of the hydroxyl group into a leaving group Cl (Scheme 2, Method 4) or OTs (Scheme 2, Method 5) [16] followed by the ring closure or direct cyclization in presence of Bu2SnCl2 (Scheme 2, Method 6) [17] . The last step in the PHOX ligands construction is substitution of a halogen atom by the phosphino group (Scheme 3, Method 7 and 8). In Method 7 (nucleophilic substitution), fluoro substituted 2-phenyloxazoline is treated with LiPPh2 [18] , whereas in Method 8 bromo-oxazoline is converted into an organomagnesium derivative followed by treatment with chloro-diphenylphosphine to give the phosphinooxazoline [19] .
Scheme 3
Another approach to the synthesis of PHOX ligands commences from the 2-bromobenzonitrile, in which bromine atom is substituted by diphenylphosphine group in reaction with n-butyl lithium and chloro-diphenylphosphine. Next, 3 react with amino alcohols in the presence of zinc chloride to give air-stable Zn complexes 4, which by treatment with bipyridine provide pure PHOX ligands (Scheme 4) [1] . Scheme 4
Application of PHOX ligands
Transition metals such as iridium, rhodium, ruthenium and palladium are employed as metal centers in the catalytic reactions, in which PHOX ligands are used.
Cationic iridium (I) complexes of chiral PHOX ligands are used as catalysts for the enantiolesective hydrogenation of prochiral unfunctionalized trisubstituted olefins (Fig. 2, Table 1 , Scheme 5, Table 2 ) [20] and N-alkyl or N-aryl imines (Fig. 3 , Scheme 6, Table 3 ) [21] . The most popular and the most efficient anions in catalytic system are PF6 anion and BARF (tetrakis [3,5- Rhodium (I) complexes with PHOX ligands which are very good catalysts in asymmetric hydrosilylation of ketones. Hydrosililation is promoted by rhodium complexes and known to be tolerant to variety of functional groups in the substrates (Scheme 7, Fig. 4, Table 4 ) [22] . 
Results
In continuation of our studies on the synthesis of terpene derived ligands, we decided to utilize amino alcohols obtained from β-and α-pinene to the synthesis of PHOX ligands. Followed the known procedure [23] , (-)-β-pinene was transformed into amino alcohol 6, which reacted with 2-fluorobenzoyl chloride to give 2-fluoro-N-((1R,2S,3R,5R)-2-hydroxy-6,6-dimethyl bicyclo[3.1.1]heptan-3-yl)benzamide 7 in 90% yield. 7 was then cyclized in the presence of dibutyltin dichloride in refluxing p-xylene to fluorophenyloxazoline 8 in 96% yield. Substitution of the fluorine atom by diphenylophosphino group led to final product 9 -PHOX ligand in 55% yield (Scheme 9).
Scheme 9
Complexation of 9 with RuCl2(PPh3)3 in isopropanol gave the solution of catalyst (Fig. 6 ) which was use in transfer hydrogenation of ketones (Scheme 10). We chose acetophenone as a model ketone to find the most efficient catalyst to substrate ratio. After several attemps the highest enantioselectivity in the reduction of acetophenone was obtained with 0,05% mol of Ru-9 catalyst (Table 6) . Next we determined the impact of the acetophenone concentration and the type of base on yield and enantioselectivity of the product alcohol (Table 7) . We found that the concentration of ketone and the type of base play insignificant role in reaction, so we decided to make all reactions in 0,25M ketone solution. After those preliminary studies, we started reduce others ketones: aryl-alkyl, aryl-aryl and alkyl-alkyl. Transfer hydrogenation reactions were conducted using 0,05% mol Ru-9 catalyst, NaOH or tBuOK as a base in isopropanol solution with 0,25M ketone concentration (Table 8) . In extension to our studies we decided to examine the influence of monoterpene structure on enantioselectivity of the reduction. We commenced our new PHOX ligand synthesis from (-)-α-pinene which was transformed to the appropriate amino alcohol 10 [24] in few steps. Then 10 was converted to amide 11 in reaction with 2-bromobenzoyl chloride in 64% yield. Cyclization of 11 in the presence of dibutyltin dichloride led to bromophenyl oxazoline 12 in 62% yield. In the last step of the ligand synthesis, bromo-oxazoline 12 was treated wint n-butyl lithium followed by the reaction with chlorodiphenyl phosphine to give PHOX ligand 13 in 63% yield (Scheme 11).
Scheme 11
Ligand 13 combined with RuCl2(PPh3)3 in isopropanol gave catalyst solution Ru-13 ( Fig. 7) which was used in transfer hydrogenation of ketones (Table 9 ). 
Conclusion
Catalyst Ru-9 gives much better results in asymmetric transfer hydrogenation of ketones than Ru-13. Reductions proceed with higher yields and higher enanciomeric excesses. We can use twice fewer amount of the catalyst in reduction with Ru-9 compared to Ru-13. The lower reactivity and enantioselectivity of Ru-13 may be a consequence of the trans position of the oxazoline ring to the gem-dimethyl bridge in pinane ring system.
